Flavonoid compounds active against Trypanosoma cruzi and Leishmania species were submitted to several methodologies in silico: docking with the enzymes cruzain and trypanothione reductase (from T. cruzi), and N-myristoyltransferase, dihydroorotate dehydrogenase, and trypanothiona reductase (from Leishmania spp). Molecular maps of the complexes and the ligands were calculated. In order to compare and evaluate the antioxidant activity of the flavonoids with their antiprotozoal activity, quantum parameters were calculated. Considering the energies, interactions, and hydrophobic surfaces calculated, the flavonoids chrysin dimethyl ether against T. cruzi, and ladanein against Leishmania sp. presented the best results. The antioxidant activity did not show any correlation with antiparasitic activity; only chrysin and its dimethyl ether showed favorable anti-parasitic results. This study hopes to contribute to existing research on these natural products against these tropical parasites.
Flavonoid compounds and their analogues are naturally present in vegetables, fruits, and beverages and they are considered important components of the Western diet. They are also common constituents of medicinal plants, and the therapeutic effects of many traditional medicines have been attributed to these phytochemicals [1] . These natural products are phenolic compounds; secondary metabolites of plants that bring several health benefits, including cosmetic action [2] , cardio protective effects [3] , anti-inflammatory activity [4] , in the treatment of cancer [2] and against tropical parasites, such as Trypanosoma cruzi [1] and Leishmania spp [5] .
Chagas' disease has an acute phase, and a chronic latent phase. The acute phase, which occurs shortly after infection, lasts for a few weeks or months, whereas the chronic phase develops over many years [6] . Infection by T. cruzi usually culminates in life-long chronic disease, which is characterized by an accumulation of host tissue damage over many years as the parasites sustain their life cycle by infecting host cells, multiplying intracellularly, and then rupturing cells to reinfect new cells. Cumulative damage to host tissues most frequently results in myocarditis due to the destruction of cardiac muscle and associated ganglia [7] . About 7 to 8 million people, mostly in Latin America where Chagas' disease is endemic, are estimated to be infected worldwide [8] .
Leishmaniasis is an infectious disease that is prevalent in Europe, Africa, Asia, and the Americas, endemic in 88 countries, killing thousands, and debilitating millions of people each year [9] . Leishmaniasis is the infection caused by protozoa of the genus Leishmania that mainly affects people who live in poor countries, causing chronic fever, liver disease, anemia, and other blood problems. The Leishmaniases are diseases caused by protozoan parasites of the more than 20 Leishmania species [10] . The great social problems caused by these infections, the restricted number of drugs available, their serious side effects, and the emergence of new drug resistant forms, all motivate research for new antiprotozoal drugs.
This work is based on the study reported by Tasdemir et al. [11] . The authors experimentally tested a large series of flavonoids against Trypanosoma brucei rhodesiense, T. cruzi, T. brucei brucei, Leishmania donovani and L6 cells. In this study we selected 5 flavonoid compounds with high activity against T. cruzi: chrysin dimethyl ether, 3'-hydroxydaidzein, 5-methoxyflavone, tamarixetin, and 7,8-dihydroxyflavone (Figure 1 ). We also selected the 5 most active flavonoids against Leishmania major: luteolin, 7,8-dihydroxyflavone, ladanein, galangin, and 3',4'-dihydroxyflavone ( Figure 2 ). Docking: Molecular docking is used to predict the binding orientation of small molecule drug candidates to their protein targets in order to predict affinity and activity [12, 13] . We investigated the molecular interactions between flavonoids and enzymatic target assets of Leishmania and T. cruzi. The aim of this study was to identify favorable characteristics occurring among those complexes which might be encouraging towards potential use of these flavonoids against parasites.
Docking methods typically use an energy-based scoring function to identify the energetically most favorable ligand conformation when bound to the target. The general hypothesis is that lower energy scores represent better protein-ligand bindings as compared with higher energy values. Therefore, molecular docking can be formulated as an optimization problem, where the task is to find the ligand-binding mode with the lowest energy. Table 1 shows the energies (kcal/mol) obtained from the interaction of the ligands and the enzymes cruzain (ID PDB 3IUT), and trypanothione reductase (ID PDB 1GXF) of T. cruzi. The most commonly used heuristic search algorithms that have been applied to molecular docking are simulated annealing, tabu search, and evolutionary algorithms. This study used the MolDock that is based on a new hybrid search algorithm, which combines a differential evolution optimization technique, with a cavity prediction algorithm. The re-ranking increases docking accuracy [14] . Compared with the PDB ligand, the hydrogen bonds and sterics with residues CYS25 and GLY66 contribute to a decrease in the energy of the flavonoids shown in Figure 3 . Chrysin dimethyl ether and tamarixetin have lower formation energy with both cruzain and tripanothiona reductase. The ligand in the complex with trypanothione reductase from PDB is the Quinacrine Mustard Inhibitor. Figure 4 reports the interactions of this compound and the two flavonoids with the enzyme. We note that chrysin dimethyl ether had interactions equivalent to those of Quinacrine Mustard Inhibitor: hydrogen bonds with GLY 16, and sterics with TYR 52 residues. In the work reported by Tasdemir et al. [11] , the flavonoid chrysin dimethyl ether was very active against T. cruzi. Our results reinforce the experimental data; this was the only compound that was equivalent to the PDB ligand interactions in both target enzymes. Table 2 shows the energies (kcal/mol) obtained from the interaction of the ligands and enzymes N-myristoyltransferase (NMT), trypanothione reductase and dihydroorotate dehydrogenase from Leishmania spp. We observed that the flavonoids forming the two lower energy complexes produced distinct interactions with the theoretical ligand 4-bromo-2,6-dichloro-n-(1,3,5-trimethyl-1H-pyrazol-4-yl) benzenesulfonamide, but similar to each other for their hydrogen bonds with the residue TRP 15, and sterics with PHE 14 and ARG 179. Using trypanothione reductase as the receptor for docking, the flavonoids show interactions almost equal to those of flavin-adenine dinucleotide, building interactions with the residues: GLY 127, ASP 35, and THR 51. We believe that this macromolecule is a good target for flavonoids against Leishmania spp.
As shown in Figure 7 , luteolin, and ladanein build many interactions with the receptor, similar to flavin mononucleotide. These interactions are hydrogen bonding (SER45, LYS44, and THR273), electrostatic (ASN 195), and sterics (ALA20).
Surfaces:
In all the enzymes, we observed a predominance of hydrophobic interactions. Figure 8 shows the calculated hydrophobicity, through the MOLEGRO program, on surfaces of the complexes extracted from the PDB. Our intention was to observe the surface hydrophilicity/hydrophobicity of the complexes from the PDB, and later investigate the profile of the ligands studied ( Figure 9 ). Considering complex formation energy, similarities of interactions with the theoretical ligand, and the number of interactions formed between the flavonoids and enzyme targets, we investigated five compounds: tamarixetin, chrysin dimethyl ether, galangin, luteolin and ladanein. Figure 9 shows Grid 3D molecular fields of the compounds with the DRY probe. The grey contours are the hydrophobic regions shown at -0.2 kcal mol -1
.
As can be seen in Figure 9 , the molecules generally present hydrophobic surfaces, except the flavonoids tamarixetin and galangin. Of the five ligands investigated, these two were less favorable to form complexes.
Antioxidant activity:
The computed theoretical physicochemical parameters for the most active flavonoids against T. cruzi and Leishmania major, with their respective biological activity, are shown in Table 3 . A characteristic of molecules with antioxidant activity is their ability to abstract the hydrogen from the hydroxyls present in their structure. ΔHf is an important parameter in predicting antioxidant activity, because it reflects the bond strength of the hydroxyl.
Studies have demonstrated that with decreasing value of ΔHf, we have better antioxidant activity, since it becomes easier to rupture the O-H bond [26, 27] . Based on the above, one can observe in Table 3 that galangin, 7,8-dihydroxyflavone, and tamarixetin presented the best conditions for the hydrogen abstraction reaction because they have the lowest ΔHf values. Due to the absence of hydroxyl groups in their structures, it was possible to calculate the formation heat of the cationic form, and consequently, the ΔHf of chrysin dimethyl ether and 5-methoxyflavone.
The Highest Occupied Molecular Orbital Energy (E HOMO ) is also related to antioxidant activity, since it represents an ability to donate electrons. Based on this measure, 7,8-dihydroxyflavone, and chrysin dimethyl ether showed the best results, reflecting directly on the reactivity of these compounds, as performed by (H-L) GAP , where compounds with lower values are more active than those with larger values [15] [16] [17] .
Experimental
Molecular modeling: Using the program Hyperchem v. 8.0, the chemical structures of the compounds of interest were drawn, and their geometry was optimized using M M+ force field [18] . Afterwards, we performed a new geometry optimization based on the semi-empirical method AM1 (Austin Model 1) [19] . The optimized structures were subjected to conformational analysis, and the least energy conformer (E MIN ) was saved.
Docking:
The flavonoids active against T. cruzi ligands were submitted to docking with 2 enzymes: cruzain (ID PDB 3IUT), and trypanothione reductase (ID PDB 1GXF). The compounds active against Leishmania with the enzymes were N-myristoyltransferase (NMT) (ID PDB 4A30), trypanothione reductase (ID PDB 2JK6) and dihydroorotate dehydrogenase (ID PDB 4EF8).
The enzymes were imported from the PDB in the Molegro Virtual Docker 6.0 program. We created a template with the already complexed ligands, for the GRID. We selected the MolDock SE algorithm [14] , with 10 runs for each ligand.
Surfaces: Hydrophobic maps of the complexes were calculated using the Molegro Virtual Docker 6.0 program. The lowest energy conformers were then saved in .sdf format and imported into VolSurf+ for Windows [34] . They were subjected to the GRID force field, and interaction maps were generated with the DRY probe (green).
Antioxidant activity: A second electronic determination was made of single point charge. In the chemical structure of the conformer of minimum energy, the differences in enthalpies of all hydroxyl groups were calculated. The smallest difference represents a larger capacity to donate the electron, thus, the parameters were then calculated for this phenolic radical.
The parameters employed for the anti-radicular activity description were:
• Hf, difference of enthalpy energy between the closed shell (phenolic), and radical (abstraction of the hydrogen) species; • H OX ,-energy activation of the intermediate cation radical, calculated by the difference between Hf_fc and Hf_fn, and also defined as the electron transfer enthalpy; • E HOMO , energy of the highest occupied molecular orbital, a parameter related to the electron-donating capacity of the molecule; • E LUMO , energy of lowest orbital molecular, a parameter related to the electron-donating capacity of the molecule; • H-L gap , chemical hardness obtained by the difference of energy between orbital HOMO and LUMO.
